In 58 sets of lungs from bighorns from western Alberta or eastern British Columbia, 91 % were infected with Protostrongylus stilesi, and 38% were infected with P. ruslzi. Four of the five sheep free of P. stilesi were lambs. Lungs from nine near-term fetuses were negative for lungworms.
Introduction
That the lungworms Protostrongylus stilesi Dick.mans, 1931 and P. rushi Dick.mans, 1937 (Nematoda: Metastrongyloidea) are important in producing the lungworm-pneumonia complex and in the history of the North American big horn sheep ( Ovis canadensis canadensis Shaw) has been well documented (Buechner 1960; Forrester 1971; Stelfox 1971) . Recently, in the east Kootenay region of British Columbia, mor tality reduced the estimated 2000 bighorns to about 250 (Demarchi and Demarchi 1967) . The decline was attributed to the deterioration of the winter range in combination with the lungworm pneumonia complex (Bandy 1966) . This die-off led to concern for the other populations in the northern Rocky Mountains, and to a series of studies on the biology of bighorn sheep.
canadensis in Alberta and Kootenay National Park, British Columbia, were investigated from the winter of 1967 to the spring of 1969 (Uhazy and Holmes 1971; Uhazy et al. 1971) . In the former paper, the prevalence of P. stilesi and P. rushi was reported briefl y. In this report, we present data from lungs of 25 additional big horns, plus data on the intensity of infections and the seasonal changes in infections as revealed by fecal analyses.
As one of the studies, parasites of 0. c. 1Present address: Department of Zoology, College of Biological Sciences, University of Guelph, Guelph, Ontario.
Materials and Methods
Lungs from 58 Rocky Mountain bighorn sheep were examined in this studv. The locations from which the sheep were taken are -shown in Fig. 1 . Materials were obtained, handled, and examined as outlined by Uhazy and Holmes (1971) . Because of their small size and loca tion in the lung parenchyma, the numbers of Proto strongylus stilesi could not be determined directly; their intensities were rated semiquantitatively by Pillmore's (1961) light, moderate, and heavy intensity categories on the basis of the surface area of the lung taken up by the characteristic lesions. Infections with small-to moderate sized white to grey nodules on the obtuse and posterior periphery of the diaphragmatic lobes were rated "light." The "moderate" and "heavy" infections had larger lesions in those locations plus others on the apical, cardiac, and intermediate lobes. (See Pillmore for details and repre sentative diagrams.) The more quantitative method of Forrester and Senger (1964) was not used because of the poor condition of some of the material and the difficulty of distinguishing the proportion of the lesions due to lungworms from that due to bacteria.
Lungs were also obtained from fetuses in the uteri of nine ewes killed 3 weeks to a few days before parturition.
The fetal lungs were examined for superficial indications of protostrongylid infection, then split open and examined by the Baermann technique (Cable 1951) to detect the presence of any protostrongylid larvae.
From the areas shown in Fig. 1 , 409 fecal samples were give an index to the proportion of heavy inf ec tions in the herd. As a conservative estimate, counts over 1400 larvae per gram probably represent heavy infections. On this basis, about 13% of the 408 positive fecal samples shown in Table 2 represent heavy infections.
Larval counts varied considerably from one location to another. However, a significantly greater proportion of heavy infections was evi dent in the National Parks (39 of 139 samples) as opposed to the locations outside the parks (16 of 270 samples) (x2 ldf = 36.738, p < .005). Within the National Parks, there was considerable vari ation in the proportions of fecal samples with high larval counts. Forty-four percent of those from Jasper, but only one of the samples from Waterton, suggested heavy infections ( Table 2 ). The only area outside the parks which was sampled adequately was the Sheep River area, from which 5% of the larval counts suggested heavy infections.
Examination of monthly fecal collections from the Sheep River herd revealed considerable vari ation in the output of fi rst-stage protostrongylid larvae. Analysis of variance showed signifi cant variation among the months sampled (F13241 = 10.312,p < .0001). The output of larvae showed three distinct phases (Fig. 3) (January to April 1968; May to October 1968; November to April 1969) . Variation among these three phases ac counted for 88% of the variation among the monthly samples. When that variation was subtracted, the residual variation between months was not significant (F11247 = 1.413,p > .05). The three phases were associated with the presence of the sheep on winter and summer pastures. High numbers of larvae were shed by bighorns on winter range, with a marked increase in the numbers of larvae shed between the winter of 1967-1968 and that of 1968-1969 .
The ability of protostrongylid larvae to survive in fecal pellets on the range over winter was "seasonal variations may be connected with changes in type of feed, stress associated with harsh winter weather, breeding, pregnancy and lambing, or with some biological characteristic of the lungworm itself such as life span or infec tiousness." It should be pointed out that the population they studied was on an island, re stricted to 2500 acres, and unable to make normal seasonal migrations. Hudson et al. ( 1970 Hudson et al. ( , 1972 reported a similar late spring rise in larvae shed by captive bighorns, animals apparently not influenced by the factors considered by Forrester and Senger.
On the Sheep River range, in a free-ranging herd, the significantly different periods of high and low intensities of larval output were associ ated with the annual movements of the bighorns to and from traditional winter and summer pastures. Paralleling these movements there is considerable variation in their herding behavior. On the smaller winter range, the entire herd is drawn together for extended periods. In contrast, on the summer range, the herd breaks up and disperses over a more extensive region at higher elevations. The greater density of bighorns on the winter range produces a higher grazing pressure and, as a result, a higher probability of acquiring new or added infections.
The production of high numbers of larvae dur ing the occupation of the winter range and the apparent ability of larvae to withstand winter conditions may be adaptions to transmission on the winter range where the bighorns are concentrated. Gevondyan (1958) working with Muellerius capil!aris in the Kazakh S.S.R., a very arid region, demonstrated that feeding green forage to lambs stimulated a tremendous output of Muellerius larvae. This relationship in nature was associated with the movement of the sheep onto good pasture during a wetter period of the year. The pasture also provided the microhabitat suitable for the molluscan intermediate host for maintenance of the infective stage on the forage and hence for transmission of the lungworms. Both situations appear to represent highly evolved host-parasite associations with the para site adapting to insure transmission.
Variation associated with precipitation may be superimposed on the circannual winter summer oscillation. Forrester (1969) in a IO-year study of 157 rams, 3 or 4 years old, found that year-to-year changes in the intensity of P. stilesi and P. rus!ii infections in fall-collected bighorns were directly proportional to the amount of precipitation during the preceding April, May, and June. Above normal precipitation has been correlated with increased levels of infection in intermediate hosts (Pillmore 1959 (Pillmore , 1961 near-term fetus from a ewe taken in Colorado. However, we were unable to show prenatal in fection in any of nine near-term fetuses. In addition, 4 of IO lambs, 9 months or less in age, were not infected, suggesting that under our ecological conditions, prenatal infection is not general.
Forrester and Senger (1964) found variations in numbers of protostrongylid larvae from pellet to pellet and from day to day. Reviewing this earlier work, Forrester ( 1971) stated that some correlation between fecal larval counts and in tensities of P. stilesi and P. rushi infections "was apparent when mean values of herds were com pared (Table 6 .5), but no correlation was ap parent within samples from one herd" (p. 170). On this basis, Forrester and Senger (1964) concluded that an analysis of lungs was the best method of determining levels of infection be tween herds, although analysis of large numbers of samples of feces and small numbers of lungs "would probably adequately reflect infection intensities" (p. 488); we concur. However, in tuitively, the probability of an individual bighorn developing lungworm pneumonia would appear to be related to the severity of infection with lungworms in that individual. The critical analysis therefore would be an evaluation of the severity of infection revealed by each individual fecal sample. Our results suggest that heavy infections may be detectable by the large number of larvae shed per gram of feces. (It is apparent that further data on this correlation should be ob tained.) When this technique is used with the large numbers of samples which can be obtained from a herd, a useful index to the proportion of heavily infected animals in that herd may be obtained without killing any animals.
It is apparent that the Jasper herd contains the highest proportion of heavily infected animals and may be in the greatest danger of a die-off, as suggested previously by Stelfox (1971) . The in crease in the proportion of heavy infections in the Sheep River herd, from the winter of 1967-1968 to that of 1968-1969 , suggests a trend in this direction. More study is needed for an adequate assessment of the other areas.
The role of the lungworm-pneumonia complex as a mortality factor in Rocky Mountain bighorn sheep has been emphasized by Buechner (1960 ), Forrester (1971 ), and Stelfox (1971 . The evolu tionary consequences of that mortality have not been emphasized, although both Whitlock (1966) and Read (1970) have postulated that mortality due to parasitism is a mechanism of natural selection and maintenance of population fitness.
Bighorn sheep (and presumably, their lung worms) evolved in the presence of wolves, their major predators (Geist 1971, p. 14) . Recent studies of wolves have shown that they chase down their prey, rather than ambush it, and that they "test" prey for evidence of vulnerability; presumptive evidence linking heavy infections of pulmonary hydatid cysts with vulnerability has been presented (Mech 1970) . By analogy, the destruction of lung tissue by heavy infections with P. stilesi would also increase vulnerability; certainly, the large rams described by Geist (1971, pp. 214-215) , which experienced great difficulty in running, would be easy prey for wolves. If the fecal larval output can be used as a rough indicator of lungworm burdens, lung worms show a clumped distribution, so that their eff ects, and consequent predation by wolves, would be concentrated on a part of the popula tion (mostly older individuals), while others would be relatively unaffected. The relatively high mortality could provide the conditions necessary for maintaining high-quality bighorn populations (as outlined by Geist 1971, pp. 308-312) . It is interesting to note that the highest quality mountain sheep population studied by Geist, a Stone sheep population in the Cassiar mountains of British Columbia, also had the highest wolf predation: parenchymal lungworms (P. stilesi?) were present in all of the small sample of animals examined (Geist, personal communication) .
In the absence of predation by wolves, lung worms may also affect bighorn populations, but in other ways. Buechner (1960) and Stelfox ( 1971) have pointed out that the mass die-offs occur in the absence of significant predation, when high populations of infected bighorns, often in direct competition with other ungulates, over extend the carrying capacity of the range, and they suggest that the die-off s may be a successful method of preventing long-term damage to the range. In addition, Buechner has stated that acute (non-verminous) pneumonia in lambs may be "less dramatic and less drastic, but of nearly equal significance . . . in preventing excessive increments to the populations" (p. 110). The signifi cantly greater overwinter weight loss of adult ewes, associated with poor range conditions and heavy lungworm loads (Stelfox 1971), un doubtedly indicates a degraded energy budget of those ewes suffering appreciable weight losses. This would suggest that lambs produced by those ewes would have a markedly lower probability of surviving their first few days (Geist 1971) . Data correlating the weight loss of individual sheep with the lungworm burden in the same sheep are not available, but it is reasonable to assume such a correlation, so that early mortality of Jambs would be concentrated on the lambs of heavily infected ewes. Such mortality would provide an effective mechanism to select out the unfit from the bighorn population and hence main tain the fitness of the population over subse quent generations (an optimum strategy for survival (Levins 1968) ).
